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Research Subject: Polymer melts show complex response under the
act of deformation. This response has direct relation to their molecular
structure. The purpose of this study was to investigate the rheological
behavior of branched polymers and the effect of branching on
linear and nonlinear viscoelastic flow for usage in various industrial
applications.

Research Approach: For this purpose, the rheological tests such
as frequency sweep and extensional for two polyethylene (LDPE)
with long branches have been used. From these tests we obtained
storage and loss moduli, complex viscosity and extensional viscosity.
Molecular models in nonlinear viscoelastic regions can also be used
in this regard.

Main Results: Linear viscoelastic tests can partly show the presence
of branch in LDPE, while nonlinear viscoelastic tests show strain
hardening behavior for branched sample. One of the efficient models
for branched polymers is the Multimode Pom-Pom (MPP) model
which can be used to predict the strain hardening phenomenon in
extensional flows. In this study, the average number of lateral branches
was also calculated using this model.
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Fig. 1 Strain hardening effect on sample deformation a) with strain hardening b) without
strain hardening
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Table 1 Molecular Characteristics of Materials

. N M, MFI Density | I], J. T,
Material | % /or) | [kg/mol] | PP | 190/2.16 °CKg | g/em® | [Pas] | [Pa'] | [s
LDPE1 | 1575 | 1478 |93 | 193 0.92 11640 | 0.000562 | 6.53
LDPE2 | 1416 |1289 91 |19 0.92 26963 | 0.000507 | 13.67
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Table 2 Parameters of MPP model for LDPE1

g; (Pa) T, (s) q T,/ T,
1.39E+02 3.10E+01 1 9
3.00E+01 3.76E+02 2 7.5
6.47E+00 2.11E+03 3 7
1.40E+00 6.66E+03 4 6
3.01E-01 1.56E+04 4 5
6.50E-02 3.03E+04 5 2
LDPE1
5 - . ' -
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W0E | s 003 1

Extensional Viscosity (Pa.s)
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Fig 5 Prediction of MPP model for LDPE1 at 160 °C
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Table 3 Parameters of MPP model for LDPE2

g, (Pa) 7, (5) q T/,
2.06E+01 6.31E+02 1

2.04E+00 4.69E+03 3

2.02E-01 1.70E+04 4

2.00E-02 4.20E+04 5 6.5
1.99E-03 9.80E+04 6 4.5
1.97E-04 1.22E+05 7 3

LDPE2

Extensional Viscosity (Pa.s)

10" 10° 10°

Time (s)

V- °C sles ;o LDPE2 ¢l MPP Jow oo in & JS
Fig 6 Prediction of MPP model for LDPE2 at 160 °C
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